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Malarial  Parasites. 
There  are three species of malarial  parasites,  each with its special 
morphological  and  biological  characteristics.  They  are:  (1)  tertian 
parasites,  (2)  quartan  parasites,  and  (3)  ,estivo-autumnal  parasites. 
It is with the last variety that this paper deals. 
zEstivo-Autumnal  Parasite.--The  young  forms  of  these  parasites 
are very much like those of the tertian and quartan infections, except 
that,  as  a  rule,  the parasites  of  the  ~estivo-autumnal  infections  are 
relatively  smaller  than  those  of the  tertian  and  quartan  infections. 
They are more delicate in appearance,  have a more clean-cut outline 
and a smaller chromatin mass.  One should learn to distinguish these 
morphological  differences,  as  the  young  parasite  may  be  the  only 
form present at the time of the examination  of the blood.  The  ~es- 
tivo-autumnal  parasites  produce  the  gravest  manifestations  of  the 
malarial infections so that an early diagnosis may be of  the  greatest 
importance. 
Multiple Infection of Red Corpuscles with Young Parasites. 
Multiple infection of red corpuscles with young parasites is seen in 
all malarial  infections and  it is not a  rare  occurrence in the ~estivo- 
autumnal infections.  In films from the circulating blood I  have  seen 
from  two  to  seven young  parasites  on a  corpuscle  (Figs.  1 to  75). 
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The  occurrence  is  always  accidental  and  has  no  significance  other 
than  that,  if  the  instances  are  numerous,  it  usually  means  a  heavy 
infection.  As a  rule,  the number of parasites attached  to individual 
corpuscles increases in direct proportion to the severity of  the infec- 
tion;  therefore one would not expect to find three, four, or five para- 
sites on a  corpuscle in a  film where the parasites present were few in 
number.  This fact in itself should suggest that instances of multiple 
infection have no significance; but various theories have been formu- 
lated  to  explain  certain  examples. 
Theories  as  to  Multiple  Infection.--The  position  of  the  attached 
parasites  in  relation  to  each  other  has,  apparently,  suggested  cer- 
tain  theories,  such  as  conjugation  ("syngamy,"  "cytogamy"). 
The  fusion  of two  cells,  cytoplasm to  cytoplasm,  and  chromatin  to 
chromatin, to form a  new individual, is a  process which has been de- 
scribed frequently in connection with certain protozoa. 
Mannaberg  1 was one of the first observers to formulate a theory as to the con- 
jugation of the young ameb~e of ~estivo-autumnal  infections.  Two or more para- 
sites were seen  attached  to adjacent hemoglobin mounds.  They were attached 
so closely together that a portion of the cytoplasm of one parasite was overlying a 
portion of the cytoplasm of the adjacent parasite.  This appearance (Figs.  11 to 
30 and 119 to 125) was interpreted by Mannaberg as conjugation.  He believed 
that a fusion of the cytoplasm had  taken place, resulting in transitional forms 
in the formation of the crescents.  It would seem that it did not make any differ- 
ence whether two, three, or four of these young parasites had united to form a 
crescent, for  he  states:  "I have observed two, or more rarely three, of  these 
parasites may lie closely adhering to one another," and he speaks of "these con- 
glomerate parasites, consisting of two to four specimens."  Wright  ~ states:  "My 
observations appear to support those of Mannaberg in regard to the genesis of 
the crescent--the syzygium--from a corpuscle doubly infected by parasites,"-and 
"In the stained specimens the syzygies appear to be in the act of conjugation." 
As a  matter of fact these parasites never unite.  The same appear- 
ance may be seen in tertian infections. 
1 Mannaberg, J., The malarial parasites.  A description based upon observa- 
tions made by the author and other observers;  Translation  by Felkin,  R. W., 
London,  1894, 289. 
2 Wright, H., The malarial fevers of British Malaya, Studies  from Institute for 
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Multiple  Infection  of Corpuscular Mounds. 
I  have seen from two to five young parasites attached  to one cor- 
puscular mound (Figs. 1 to 9,  19, 20 24, 25, 27, 29  to 35,  and 37  to 
70).  Multiple  infections  of  mounds  have  no  significance.  The 
heavier  the  infection, the more frequently i,t is seen.  The  parasites 
attached  to  one  mound  may be  in  similar  or  in varying  stages  of 
development.  The  cytoplasm  of  each  parasite  is  in  contact  with 
the  hemoglobin  mound,  and  each  parasite  has  a  share  in  its  de- 
struction. 
Occasionally one finds two parasites attached  to one mound so as 
to give the appearance of a  developing crescent (Figs. 31  to 35,126, 
and 127), and the same appearance may be seen in tertian infections 
(Fig. 35).  In comparing  these instances of ~stivo-autumnal and ter- 
tian infections of mounds, note the relatively larger  size of the chro- 
matin masses of the tertian parasites. 
Many theories have been formulated as to the  significance of the 
appearance where two or more parasites encircled one mound of hemo- 
globin substance,  especially by observers who believed the parasites 
to be within the substance of the corpuscle. 
The youngest form of the ~estivo-autumnal parasite to attach itself 
to  the  red  corpuscle may require  its  entire  cytoplasm to  encircle  a 
hemoglobin mound.  When one of these parasites  is so attached,  it 
appears as a  ring-form  of a  delicate,  thread-like  structure,  more  or 
less uniform in size throughout its circumference.  If two or more of 
these  tiny parasites  encircle  the  one  hemoglobin  mound,  the  cyto- 
plasm of one parasite  superimposed over the cytoplasm of the other 
parasite  or  parasites,  and  the  chromatin  masses separated  or lying 
close together,  as  accident  may direct,  the  appearance  of  a  single 
ring  with  more  than  one mass of chromatin  is obtained  (Figs.  1 to 
4 and 6). 
Marchoux  a suggested that  these forms result  from conjugation,  and Ewing  4 
states that  while such an  explanation appears  reasonable, it is without  proof, 
and the more probable explanation is the incomplete fusion of the chromatin in 
the rosette. 
* Marchoux, E., Le paludisme au S~n~gal, Ann. Inst. Pasteur, 1897, xi, 647. 
* Ewing, J., Malarial parasitology, J. Exp. Med., 1900-01, v, 482. 752  MULTIPLE  INFECTION  OF  RED  CORPUSCLES 
As  the  a~stivo-autumnal  parasite  increases  in  size,  especially  if  it 
has  developed  a  thickening  of  one  segment,  giving  what  has  been 
called  the  "signet-ring"  appearance,  it is easier to recognize  the indi- 
vidual  parasites  when  two  or  more  encircle  one  mound  (Figs.  31  to 
34, 36 to 70,  106 to 112,  114 to 118, and  126 to 129). 
Craig  5 but  follows in the footsteps of the early investigators.  He interprets 
parasites attached  to adjoining mounds and parasites attached to one mound  as 
conjugation  forms.  The  theory  of  conjugation  as  advanced  by  him  may  be 
summed up in a few words.  He states that it occurs "within the infected eryth- 
rocytes, ''8 that conjugation "occurs only between two young hyalineforms of the 
plasmodia, indistinguishable in size and structure, m  that it "is completed during 
the hyaline stage before the formation of pigment, ''s that the "process occurs in 
every malarial infection in which quinine has not been given early, ''9 and that it 
is "the most rational explanation of latency and recurrence in malarial disease. ''9 
In the same article Craig illustrates 1° two young parasites side by side, a portion 
of the cytoplasm of one parasite overlying a portion of the cytoplasm of  the  other 
parasite.  In referring to them he states: "Protoplasmic union is almost complete, 
and the portions in apposition are beginning to be absorbed."  He also pictures n 
two young parasites encircling one corpuscular mound,  interpreting  the  appear- 
Craig, Ci F., Studies in the morphology of malarial plasmodia after the ad- 
ministration of quinine, and in intracorpuscular conjugation, J. Infect. Dis., 1910, 
vii, 285, 318. 
6 Craig, Studies  in  the  morphology of malarial plasmodia  after the adminis- 
tration  of  quinine,  and  in  intracorpuscular  conjugation,  J. Infect.  Dis.,  1910, 
vii, 300. 
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ance as "a conjugation form in which the two chromatin masses are distinct and 
the portions of protoplasm in apposition have become absorbed, resulting in the 
formation of a  large ring-like body with two chromatin masses. ''12  In his dia- 
grammatic figures Craig advances the stages in his conjugation theory by bringing 
the chromatin masses closer and closer together until they are side by side.  He 
finally pictures a large ring-form parasite with one mass of chromatin, which he 
assumes to be "a form resulting after conjugation is completed.  ''13 
Premature  Division  of the  Chramatin. 
In the adult parasite  nuclear division seems to go on more rapidly 
than cytoplasmic, and it may be completed before cell division takes 
place.  But premature  division of the chromatin never takes place in 
the young parasite. 
Certain  observers have described what they believed to be a precocious divi- 
sion of the chromatin.  Ziemann  14 was at first uncertain whether the appearance 
was due to two fused parasites  or to a  precocious division of one nucleus,  but 
finally accepted the latter hypothesis, describing "the separation of one, or rarely 
two, accessory granules from the original mass in cells infected by single parasites. 
Sometimes the  accessory granule  was much smaller  than,  sometimes nearly  as 
large as, the main granule."  And Ewing  15 goes on to say: "All of these appear- 
ances I have seen in single parasites,  less often in single members of conjugating 
pairs, and I agree with Ziemarm as to their~significance."  Emin  18 gives examples 
of two and three parasites encircling one corpuscular mound, and interprets the 
condition as that of precocious division of the chromatin. 
Variation  in  the  size  of the  chromatjn  masses  of young parasites 
is  frequently  observed.  It  may  be  only  an  apparent variation  in 
size,  or a  breaking  up  of the  chromatin  due  to technique,  or it may 
be a  normal occurrence.  The nuclei  of young parasites  may  appear 
x~ Craig, Studies in the morphology of malarial plasmodia after the adminis- 
tration  of  quinine,  and  in  intracorpuscular  conjugation, Y. Infect.  Dis.,  1910, 
vii, 308. 
in Craig, Studies in the morphology of malarial plasmodia after the  adminis- 
tration of quinine,  and  in  intracorpuscular  conjugation,  Y. Infect. Dis.,  1910, 
vii, 318. 
14 Ziemann, H.,  quoted  from  Ewing,  Malarial  parasitology, Y.  Exp. Med., 
1900-01,  v, 479. 
15 Ewing, Malarial parasitology, Y. Exp. Med.,  1900-01, v, 479. 
16 Emin,  A.,  Une  varlet6  nouvelle  du  parasite  de Laveran,  Bull.  Soc. path. 
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to be larger in  certain parts of a  film, where  the red  corpuscles are 
thinly  spread,  than  they  do  in  the  thicker portions.  This appear- 
ance is due to the flattening of the chromatin mass with consequent 
enlargement.  Irregularity in  the size and distribution of chromatin 
masses  in  the  young  parasite is frequently due  to  technique  while 
spreading the film and illustrates how easily the chromatin may be sub- 
divided.  Occasionally  young  parasites in varying stages of  develop- 
ment may occupy one' corpuscular mound  (Figs.  2,  8,  9,  49,  62,  65, 
68 to 70, 112, and 114 to 116).  In these instances the cytoplasm may 
vary  in  amount  and  the  chromatin  mass  in  size.  Where  several 
young parasites  are attached  to a  corpuscle  the same variation may 
be seen  (Figs. 26,  73  to 75,  117,  and  118).  Variations in the size of 
young  parasites  are  to  be expected since  all  adult  parasites  do not 
segment at once in any malarial infection. 
Multiple Infection of Red Corpuscles with Crescentic Bodies. 
This occurrence (Figs.  77  to 105 and  131  to 140),  like multiple in- 
fection by young parasites,  is  always  accidental.  It  has  no  signifi- 
cance  other  than  the  fact  that,  if several instances  are  seen in  one 
film,  a  severe infection is  indicated.  So  far as  I  know,  there  have 
been no theories advanced to explain the occurrence of more than one 
crescent on a  corpuscle.  I  have  seen  three  crescents on a  corpuscle 
(Fig. 100), but rarely.  Two is the number usually seen and I  believe 
that two on a  corpuscle are considered a  rare occurrence. 
There is apparently very little literature  referring to  two crescents on a cor- 
puscle.  Marchiafava  and  Bignami 1~  write:  "We have also  seen two crescents 
within the same blood corpuscle, the curved portions being face to face."  Man- 
son t8  figures  two  crescents  attached  to  the  one corpuscle,  and  states:  "Very 
rarely twin or double crescents,  that is two crescents in  one corpuscle--are en- 
countered."  Cropper  x9 pictures two crescents on a corpuscle. 
~ Marchiafava, E., and Bignami,  A., Malaria, in Stedman, T. L., Twentieth 
century practice, New York, 1900, xix, 42. 
18 Manson,  P., Tropical diseases:  a  manual of the diseases of warm climates, 
London, Paris, New York, and Melbourne,  2nd edition, 1900, 14. 
19 Cropper, J., Phenomenal abundance of parasites in a fatal case of pernicious 
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In  my  experience,  one  of  the  rarest  occurrences  in  instances  of 
multiple infection of red corpuscles is the presence of a  young para- 
site  and  a  crescent  (Figs.  76  and  130).  I  have  seen  but  three ex- 
amples  of this. 
I  am convinced that malarial parasites do not conjugate. 
Marchiafava and Bignami  2° state:  "Not infrequently several young parasites 
are seen in the same red corpuscle; we have counted up to six or seven,  and when 
they are very close together they may appear to be intimately adherent ..... 
we cannot hold it to have been conclusively demonstrated that the young para- 
sites collected within one red corpuscle  become merged  together: on  the  con- 
trary, they follow their own development." 
Many of the morphological and biological phases would cease to be 
obscure if observers realized that  malarial  parasites  are attached  to 
the external surface of red corpuscles. 
SUMMA._~Y. 
1.  Multiple  infection  of  red  corpuscles  with  young  parasites  is 
seen in  all malarial infections, but it is found most frequently in  the 
~estivo-autumnal  infections.  The  occurrence  is accidental and  has 
no significance other than  that if the instances are numerous it sug- 
gests  a  heavy infection. 
2.  In  instances  of multiple  infection the young  parasites  may be 
seen to be attached:  (a)  each encirclin~ its own corpuscular mound, 
giving the  typical ring-form  picture,  or  (b)  two or more  encircling 
one  corpuscular mound,  giving the appearance of a  single ring with 
two or more masses  of chromatin. 
~.  Certain hypotheses as  to  the conjugation of malarial  parasites 
have  been  formulated  by observers to explain  various  instances  of 
multiple  infection.  I  do not believe that  conjugation ever  occurs. 
I  believe that  these hypotheses resulted  from observation of certain 
appearances presented by the  attached  parasites,  as when  they are 
attached  so closely together  that  they may appear  to be  adherent, 
or when  two or more are attached to one corpuscular mound, giving 
20 Marchiafava and Bignami, Malaria, in Stedman, Twentieth century practice, 
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the  appearance  of  a  single  parasite  with  more than  one  mass  of 
chromatin. 
4.  Certain  appearances have  also  been  described  as  a  precocious 
division  of  the  chromatin  masses of  young parasites.  In  these  in- 
stances  the  chromatin  granules  were usually described as varying in 
size.  Such  an  appearance  may  be  explained  as  follows:  (a)  two 
young parasites  in varying stages of  development may encircle  one 
corpuscular  mound,  the  cytoplasm of  one  parasite  being  superim- 
posed  over  that  of  the  other  parasite,  giving  a  picture  of  a  single 
riI/g with  two  unequal  masses of chromatin;  or  (b)  the  variation  in 
the  size  and  number of  the  chromatin masses may be  the  result  of 
traumatism,  as  the  nuclei  of  young  parasites  are  rather  easily 
broken up. 
5.  Multiple  infection  of red  corpuscles  with  crescentic  bodies  is 
considered  rather  a  rare  occurrence.  It is always accidental,  and if 
the instances  are  numerous  it means a  severe infection. 
6.  When  one  accepts  the  fact  that  all malarial parasites  are  at- 
tached  to  the  external  surface  of  the  red  corpuscles,  the  biological 
and morphological characteristics of the parasites cease to be obscure. 
EXPLANATION OF PLATES. 
PLATE 36. 
~STIVO-AUTUMNAL PARASITES  (TERTIAN  PARASITES,  FIG.  35). 
Magnification, ×  1,840. 
FIG. 1.  Two very young parasites encircling  one surface hemoglobin mound. 
The cytoplasm of one parasite superimposed over that of the other parasite gives 
the appearance of a  single  ring  with  two  chromatin  masses.  One chromatin 
mass extends beyond the periphery of the corpuscle. 
FIG. 2.  Examples of two young parasites encircling  one  surface hemoglobin 
mound.  The chromatin masses of these parasites vary in size. 
FIG. 3.  Two young parasites encircling  a peripheral hemoglobin mound. 
FI6. 4.  Three young parasites are attached  to  this  corpuscle;  two of them 
encircle one surface hemoglobin mound at x.  Pigment granules are seen at o. 
FIG,  5.  Two young parasites  attached  to  one  surface, hemoglobin  mound. 
The nuclei of these parasites are shaped to the mound. 
Fla. 6.  Three young parasites encircling one surface hemoglobin mound.  The 
parasite at x appears to be more advanced in development than the other two. 
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FIG. 8.  Four young parasites encircling one surface hemoglobin mound.  The 
chromatin masses vary in size.  This figure corresponds to Fig. 112. 
FIG. 9.  Four young parasites encircling one surface hemoglobin mound.  The 
chromatin masses vary in size. 
FIG. 10.  Five young parasites are attached to this corpuscle; four of them en- 
circle one  surface  hemoglobin  mound.  A  pigment  granule may be  seen at o. 
This figure corresponds to Fig. 113. 
FIGS. 11 to 15.  These parasites have developed a  thickening of one segment. 
They encircle, in various positions, adjacent hemoglobin mounds.  They are at- 
tached so closely together that a portion of the cytoplasm of one parasite is over- 
lying a portion of the cytoplasm of the parasite attached to the adjacent mound 
(corresponding to Mannaberg's conjugation forms).  Figs.  11,  13,  and  14 show 
decolorized hemoglobin mounds in connection with but one of the two parasites, 
suggesting that one of these parasites attached itself to the red corpuscle before 
the other parasite did.  Pigment granules may be seen at o.  Fig. 12 corresponds 
to Fig. 120. 
FIG.  16.  Two young parasites encircling one peripheral hemoglobin mound. 
The apex of the mound is not yet decolorized. 
FIGS.  17  to  19.  Young  parasites are  shown  encircling adjacent decolorized 
hemoglobin mounds.  In Fig. 17 a pigment granule in connection with one para- 
site may be seen at o. 
FIG. 20.  At x  two young parasites encircle one hemoglobin mound, and at o 
the two young parasites are attached to adjacent mounds, a portion of the cyto- 
plasm of one overlying a portion of the cytoplasm of the other parasite. 
FIGS. 21  to 23,  Young parasites attached to adjacent dehemoglobinized cor- 
puscular  mounds.  In  Fig. 21  pigment  granules  may  be  seen at o.  Fig. 23 
shows two parasites encircling one of the decolorized mounds.  The two parasites 
in Fig.  22  appear to be in a  similar stage of development to those seen in Fig. 
21, and to have done as much  damage to the infected  corpuscle, yet  pigment 
granules are seen only in connection with the parasites in Fig. 21.  These figures 
correspond to Figs. 121, 119, and 122. 
FIG. 24.  Four parasites are attached to this corpuscle.  There are two decol- 
orized hemoglobin mounds, each encircled by two parasites. 
FIG. 25.  Five parasites are  attached to  the  corpuscle, two  of  them  to  the" 
peripheral mound at x.  Note the variation in size of the chromatin masses. 
FIG. 26.  Five parasites are attached to the corpuscle.  Note the variation in 
the development of these parasites. 
FIG. 27.  Six parasites are attached to the corpuscle, two to each hemoglobin 
mound.  Two of the mounds are decolorized; the parasites attached to the third 
and central mound have attached themselves more recently than the other para- 
sites.  This figure corresponds to Fig. 124. 
FIG. 28.  Six parasites are attached to the corpuscle, two to each hemoglobin 
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FIG. 29.  Seven parasites are attached to the corpuscle, two to each decolor- 
ized mound  and one to  the mound  which has not yet been decolorized.  This 
figure corresponds to Fig. 125. 
FIG. 30.  Four parasites are attached to the corpuscle, two to one mound, and 
two to separate and adjacent mounds.  This figure corresponds to Fig. 123. 
FIGS. 31 to 35.  Examples of two parasites attached to one surface hemoglobin 
mound.  These parasites give the appearance of developing crescents much more 
than do the parasites attached to adjoining mounds; but they are only accident- 
ally so attached, and not conjugating.  Fig. 35 was taken from a tertian infection. 
Note the relatively larger size of the chromatin masses of the  tertian parasites. 
Three free parasites may be seen in Fig. 34.  Fixs. 32 and 34 correspond to Figs. 
126 and 127. 
PLATE 37. 
~-STIVO-AUTUMNAL  PARASITES. 
Magnification,  ×  1,840. 
FIG. 36.  Two  young parasites freed from a  corpuscle which  they have de- 
stroyed.  This conclusion was reached because of the size of the parasites and 
the presence of a pigment granule at o. 
FIGs. 37 and 38.  Examples of young parasites encircling peripheral hemoglo- 
bin mounds.  The parasites in Fig. 38 are older than those in Fig. 37. 
FIG. 39.  Two  parasites encircling with their pseudopodia a peripheral hemo- 
globin mound.  These parasites are larger than  those  seen in  Figs. 37  and 38. 
Pigment granules may be seen at o.  This figure corresponds to Fig  107. 
FI6. 40.  Three very young parasites encircling one large peripheral hemoglo  -~ 
bin mound.  A  pigment granule may be seen at o.  This is one of the  largest 
peripheral mounds that I  have seen.  This figure corresponds to Fig  108. 
FIG. 41.  At o  two young parasites encircle a  peripheral hemoglobin mound, 
while at x  two parasites, in a  later stage of development, encircle one surface 
hemoglobin mound.  This figure corresponds to Fig. 106. 
FIGs. 42 to 46.  Examples of two parasites attached to one surface hemoglobin 
mound.  These parasites have developed a thickening of one segment.  A pig- 
ment granule is seen in connection with one of the parasites in Fig. 46.  In Figs. 
42  and 43 the  parasites have  destroyed the  corpuscle to  which  they  were  at- 
tached and are free in the position they occupied when attached to the corpuscle. 
FIo. 47.  There  are four parasites attached  to  this  corpuscle; three  to  one 
mound, and one to an adjoining mound.  Note the small size of one of the chro- 
matin masses.  A pigment granule is seen at o. 
1~o.  48.  Two  parasites  encircling one  surface  hemoglobin mound.  A  pig- 
ment granule is seen at o.  This figure corresponds to Fig. 109. 
FIG. 49.  Three parasites attached to one surface hemoglobin mound.  Note 
the variation in the size of the chromatin masses. 
FIG. 50.  Two parasites encircling one hemoglobin mound; the body of one of THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XXVII.  PLATE  36. 
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the parasites rests on the periphery of the corpuscle.  A pigment granule is seen 
at o. 
FiGs. 51  and 52.  Examples of young parasites encircling one surface hemo- 
globin mound.  These parasites are in  similar stages of development; the hemo- 
globin mound is larger in Fig. 52 thari in Fig. 51. 
Fits. 53 and 54.  Examples of two parasites in varying stages of ~development 
attached to one surface hemoglobin mound.  Fig. 53  correspbnds to Fig. 110. 
FiGs. 55 to 61.  Examples of two parasites encircling, in various positions in 
relation to each other~ one surface hemoglobin mound.  Fig. 59 shows four para- 
sites, two attached to each surface hemoglobin mound.  Figs. 55 and 56 corre- 
spond to Figs. 128 and 129. 
Fias. 62 to 67.  Examples of three parasites enc!rcling one hemoglobin mound. 
Note the variation in the size of the chromatin masses in Figs. 62 and 65.  In 
Fig. 63 the hemoglobin mound to which the parasites are attached is easily seen 
at the periphery of the corpuscle.  Fig. 64 corresponds to Fig. 111. 
Fits. 68 and 69.  Examples of four parasites encircling one surface hemoglobin 
mound.  Note the variation in size of the chromatin masses.  These figures cor- 
respond to Figs. 114 and 113. 
FIG.  70.  Five  young  parasites  encircling  one  surface  hemoglobin mound. 
There is quite a variation in the size of the chromatin masses.  This figure cor- 
responds to Fig. 116. 
PI~TE  38. 
2$STIVO-AUTUMNAL  PARASITES. 
Magnification,  ×  1,840. 
FIGS. 71 to 75.  Instances  of multiple infection  of red corpuscles  by young 
parasites  (four  to seven).  Each chromatin mass corresponds to one or  two para- 
sites.  In Fig. 71 the parasites  are very young and have attached themselves to 
the periphery of the corpuscle,  two at the top, two at the right,  and two at the 
left. Fig.  72 shows four  parasites,  Fig.  73,  seven parasites,  and Figs.  74 and 75, 
five  parasites.  In  Figs.  72  to 75  note the  variation  in  size  of  the  chromatin masses. 
Figs.  73 and 74  correspond to  Figs.  118  and 117. 
FIc. 76.  A crescent  and a young parasite  attached to the same red corpuscle. 
This figure  corresponds to  Fig.  130. 
FITS.  77 to 98 and 101 to 105.  Examples of two crescents  attached to  one red 
corpuscle.  In Figs.  83,  86 to  88,  90 to 93,  96, and 101,  the mounds of  hemoglobin 
substance to which the crescents  have attached themselves are well shown.  In 
Fig. 93 the hcmoglobin mounds have been dehemoglobinized  by the parasites. 
In Fig.  94 a pseudopodinm arising  from the  cytoplasm of the parasite  is shown in 
the form of  a large  loop. 
Figs. 81, 82, 83, 84, 86, 87, 88, 90, 101,  and 105 correspond to Figs. 135, 137, 
136,  138,  133,  132,  131,  134,  139, and 140.. 
Fie. 99.  This figure may be variously interpreted.  It may be two contracted 
crescents, it may be a crescent twisted on itself, or it may be a segmenting crescent. 760  MULTIPLE  INFECTIOI~  OF  P,  ED  CORPUSCLES 
FIG. 100.  Three crescents attached to one corpuscle.  This showed better in 
the stained specimen than it does in the photograph. 
PLATE  39. 
;ESTIVO-AIYTU•NAL PARASITES. 
Magnification,  X  1,840. 
Fro. 105.  Four young mstivo-autumnal parasites attached to a corpuscle; two 
encircle a  peripheral hemoglobin mound, and two, in a  more advanced stage of 
development, encircle a  surface hemoglobm mound.  This figure corresponds to 
Fig. 41. 
FIG. 107.  Two young restivo-autumnal parasites, with  abundant cytoplasm, 
encircling a  peripheral hemoglobin mound.  Two  pigment granules  are seen in 
connection with one of the parasites.  This figure corresponds to Fig. 39. 
FIG. 108.  Three very small mstivo-autumnal parasites encircling a very large 
peripheral hemoglobin mound.  This figure corresponds to Fig. 40. 
FIG. 109.  Two young mstivo-autumnal parasites, in similar stages of develop- 
ment, encircling one surface hemoglobin  mound.  A pigment  granule is seen in 
connection with one of the parasites.  It is easily seen that these are individual 
parasites.  This figure cozrespond  s to Fig. 48. 
FIG. 110.  Two young ~estivo-autumnal parasites, in varying stages of develop- 
ment, encircling one surface hemoglobin mound.  This figure corresponds to Fig. 
53. 
FIG. 111.  Three young mstivo-autumnal parasites, in similar stages of devel- 
opment, encircling one surface hemoglobin mound.  This figure corresponds to 
Fig. 64. 
FIG.  112.  Four very young mstivo-autumnal parasites encircling one surface 
hemoglobin mound.  Note the variation in size of the chromatin masses.  This 
figure corresponds to Fig. 8. 
FIG. 113.  Five parasites are attached to this corpuscle.  Four of them encircle 
one surface hemoglobin mound; a pigment granule is seen in connection with one 
of these.  This figure corresponds to Fig. 10. 
FIG. 114.  Four young mstivo-autumual parasites encircling one surface hemo- 
globin mound.  These parasites are in varying stages of development.  Note the 
variation in size of the chromatin masses.  This figure corresponds to Fig. 68. 
FIG. 115.  Four young mstivo-autumnal parasites, in varying stages of develop- 
ment, encircling one surface hemoglobin mound.  One of the chromatin masses 
is slightly smaller than the others.  This figure corresponds to Fig. 69. 
FIG. 116.  Five young mstivo-autumnal parasites, in varying stages of develop- 
ment,  attached to one surface hemoglobin mound.  Note that one of the chro- 
matin masses is distorted.  This figure corresponds to Fig. 70. 
FIG.  117.  Five young mstlvo-autumnal parasites attached to surface hemo- 
globin mounds.  Note that these parasites are not all in similar stages of develop- 
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FIG. 118.  Seven young mstivo-autumnal parasites attached to surface hemo- 
globin mounds.  Note the small size of one of these parasites.  This figure corre- 
sponds to Fig. 73. 
FIG.  119.  Two young mstivo-autumnal parasites attached to adjacent decol- 
orized hemoglobin mounds.  This figure corresponds to Fig. 22. 
FIG.  120.  Two  young  mstivo-autumnal  parasites encircling two  decolorized 
hemoglobin mounds.  A granule of pigment may be seen in connection with one 
of these parasites.  A portion of the cytoplasm of one parasite is seen to overlie 
a  portion of the cytoplasm of the parasite attached to the adjacent hemoglobin 
mound.  This figure corresponds to Fig. 12. 
FIc. 121.  Two young mstivo-autumnal parasites attached to adjoining hemo- 
globin mounds.  The mounds are decolorized and a  pigment granule is seen in 
connection with each parasite.  This figure corresponds to Fig. 21. 
FIo. 122.  Three  young  mstivo-autumnal parasites are attached to this  cor- 
puscle.  Two encircle the decolorized hemoglobin mound at the right (a pigment 
granule is seen in connection with them), and one encircles the decolorized mound 
at the left.  This figure corresponds to Fig. 23. 
FIG. 1231  Four young mstivo-autumnal parasites are attached to this corpuscle. 
Two of  them encircle one decolorized hemoglobin  mound.  This  figure  corre- 
sponds to Fig. 30. 
FIG. 124.  Six young mstivo-autumnal parasites are attached to this corpuscle, 
two attached to each hemoglobin mound.  Two of the hemoglobin mounds have 
been decolorized by the action of the parasites.  This figure corresponds to Fig. 
27. 
FIG. 125.  Seven young mstivo-autumnal  parasites are attached to this corpuscle. 
Two parasites encircle each of the three decolorized hemoglobin mounds; pigment 
granules are seen in connection with these parasites.  This figure corresponds to 
Fig. 29. 
FIG. 126.  Two young mstivo-autumnal parasites attached to one surface hemo- 
globin mound.  This figure corresponds" to Fig. 32. 
FIG. 127.  Two young mstivo-autumnalparasites attached to one surface hemo- 
globin mound.  To the right may be seen three young parasites free.  This figure 
corresponds to Fig. 34. 
FIGS.  128  and  129.  Examples of  two  young  mstivo-autumnal parasites at- 
tached to one surface hemoglobin mound.  One of the two parasites in Fig. 129 
rests on  the periphery of the  corpuscle.  These figures correspond to  Figs. 55 
and 56. 
FIG. 130.  A  young mstivo-autumnal parasite and a  crescent attached to the 
same red corpuscle.  This figure corresponds to Fig. 76. 
FIGS. 131  to 140.  Examples of two crescents on one corpuscle.  In Figs. 131 
to 136 and 139,  the mounds of hemoglobin substance  to which the crescdnts are 
attached are well shown.  These  figures  correspond  to Figs. 88, 87, 86,  90,  81, 
83, 82, 84, 101, and 105. 